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SPECIFICATION 



BROADBAND CIRCUIT 



Technical Field 

The present invention relates to a broadband circuit in which a 
desired circuit characteristic can be obtained over a wide frequency 
band, particularly to a broadband circuit in which a desired broadband 
circuit characteristic is stably obtained with a small number of circuit 
elements and which can be easily designed. 

Background Art 

In the case of a passive AC circuit constituted by combining 
elements such as capacitor, coil, and resistance, characteristics of these 
elements are shown by using impedance Z satisfying the following 
relation when a voltage applied to the both ends of an element is V and 
a current flowing through the element is I- 



For example, when AC having frequency f (=co/27i: (n is circular 
constant)) flows through a capacitor having capacitance C, the 
impedance of the capacitor is shown as 1/jcoC. Similarly, the 
impedance of a coil having inductance L is shown as jcoL. The 
impedance of a resistance is handled as resistance value R having no 
frequency dependency. 

Thus, when AC flows through a capacitor or coil, the impedance of 
each of these devices becomes a value including co proportional to the 
frequency of AC and the characteristic of the capacitor is shown as a 
value inversely proportional to the frequency of AC and the 
characteristic of the coil is shown as a value proportional to the 
frequency of AC. 



V = Z*L 
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A passive AC circuit using a capacitor is designed so that a 
desired circuit characteristic can be obtained by using the 
characteristic (capacitance characteristic) that impedance lowers as 
frequency rises and using the capacitor as an impedance device. 

However, the above characteristic of capacitor is an ideal 
characteristic and an actual capacitor shows a characteristic same as 
that of an equivalent circuit obtained by connecting a coil and a 
resistance in series as parasitic devices, as shown in Figure l(a). 

A feedback circuit including a capacitor and a coil causes 
resonance when the impedance of the capacitor coincides with the 
reactance of the coil, that is, 1/jcoC = jcoL. The frequency in this case 
is referred to as a resonant frequency. 

The relation between the frequency and the impedance in the 
above case is shown in Figure l(b) and an equivalent circuit including 
a parasitic device shows a characteristic that impedance lowers as 
frequency rises up to a resonant frequency and after the impedance is 
minimized at the resonant frequency, the impedance increases as the 
frequency rises. 

Thus, in the case of an equivalent circuit including a parasitic 
device, the difference from the characteristic of an ideal capacitor 
widens as a frequency rises in a frequency band higher than a resonant 
frequency. Therefore, a passive AC circuit using a capacitor loses the 
characteristic of a circuit at a frequency band higher than a resonant 
frequency. 

As a prior art for obtaining a desired circuit characteristic in a 
high frequency band, Japanese Patent Application Laid-Open No. 
2001-015885 (Patent Document l) discloses "a high-frequency 
electronic circuit and a mounting structure of a chip three-terminal 
capacitor on the high-frequency electronic circuit". 

The invention disclosed in Patent Document 1 is an invention for 
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obtaining a desired circuit characteristic in a high frequency band by 
using a chip three-terminal capacitor as a low impedance device. 

Problems to be Solved by the Invention 

Figure 2 shows the equivalent circuit of a filter using a chip 
three-terminal capacitor applied to the invention disclosed in Patent 
Document 1. Moreover, Figure 3 shows the transmission 
characteristic of the equivalent circuit. In the case of this filter, a low 
transmittance of 80 dB is obtained at a frequency close to 20 MHz that 
is higher than ever. However, the property that transmittance lowers 
as a frequency rises in a frequency band that is equal to or lower than 
a cutoff frequency, the transmittance is minimized at the cutoff 
frequency, and the transmittance rises as the frequency rises in a 
frequency band equal to or higher than the cutoff frequency is the same 
as that of a conventional filter circuit using a capacitor. 

That is, though a desired circuit characteristic is obtained at a 
frequency close to the cutoff frequency, the transmittance suddenly 
rises when the frequency is deviated from the cutoff frequency. 
Therefore, a sufficient filtering characteristic cannot be obtained in a 
frequency band deviated from the cutoff frequency. 

In the case of a circuit for processing an analog signal for 
communication, a signal wave is present in a narrow frequency band. 
Therefore, it is enough that a desired filter characteristic is obtained 
only in a frequency band close to the signal wave. Therefore, it is 
possible to apply the above filter circuit using the chip three-terminal 
filter. 

However, in the case of a digital circuit whose signal wave 
becomes rectangular, the spectrum of the signal wave is distributed 
over a very wide band including the higher harmonic wave of a 
fundamental wave. Therefore, to pass only some frequency band 
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components of a digital signal wave, a frequency component to be 
prevented is present as a broadband spectrum. Therefore, a filter 
circuit to be applied to a circuit for processing a high-speed digital 
signal must have a characteristic for passing or preventing 
electromagnetic waves over a wide band. 

In the case of a filter circuit to which the invention disclosed in 
Patent Document 1 is applied, a desired filter characteristic can be 
obtained only in the neighborhood of a predetermined frequency due to 
the influence of a parasitic device. Therefore, to realize the 
characteristic for passing or preventing electromagnetic waves over a 
wide band, it is necessary to design the configuration shown in Figure 
2 as a high-order filter circuit by further combining coils and 
capacitors. 

However, a parasitic device is actually added to a coil as shown in 
Figure 4(a). In other words, an actual coil shows the same 
characteristic as an equivalent circuit obtained by connecting resistors 
in series and capacitors in parallel. 

The relation between frequency and impedance of this equivalent 
circuit becomes greatly different from the characteristic of an ideal coil 
when the frequency rises as shown in Figure 4(b). Therefore, coils and 
capacitors themselves, added to compensate the influence of a parasitic 
device, are influenced by the parasitic device and design parameters 
become more complex for a higher-order circuit. Therefore, it is 
difficult to design a high-order circuit because it is difficult to 
theoretically systematize how each design parameter acts. 

Moreover, in the case of a high-order circuit in which design 
parameters intricately act, the circuit is easily influenced by an 
operating environment. Therefore, the stability and reliability of a 
circuit characteristic are easily impaired. For example, even if a filter 
circuit formed on a circuit board shows a desired characteristic, when 
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the circuit board is set to a housing, a desired characteristic may not be 
obtained. 

Because of these problems, actual circuit design inevitably 
depends on the cut~&-try technique and it becomes difficult to design 
circuits with CAD. 

Thus, in the case of an electronic circuit according to the prior art 
using a capacitor, complex circuit design was forced in order to obtain 
the original characteristic of the circuit for a wide frequency band and 
there was a problem that the characteristic of a designed circuit is 
unstable and lacks reliability. 

The present invention is made to solve the problem and its object 
is to provide a broadband circuit in which a desired circuit 
characteristic is stably obtained over a wide frequency band by a small 
number of circuit devices and which can be easily designed. 

As examples of a broadband circuit, it is possible to list a filter 
circuit (low-pass filter, high-pass filter, band-pass filter, or band 
elimination filter), a terminal circuit and the like. In the case of these 
broadband circuits, it is preferable that a desired circuit characteristic 
is obtained in a frequency band including 100 MHz to 10 GHz in view 
of increase of signal processing speed and can be universally used in a 
digital signal circuit. 

Disclosure of the Invention 

To achieve the above object, the present invention provides a 
broadband circuit as a first mode with which a circuit device is 
connected through a transmission line having a signal transmission 
conductor, a grounding conductor, and a dielectric present between 
these conductors, characterized in that a line device having a 
four-terminal line structure in which a pair of conductors are faced 
each other, having an impedance lower than that of a conductor to be 
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connected to any terminal, and using the frequency band of an 
electromagnetic wave having a wavelength shorter than the length 
approx. four times larger than the length of the line as an object 
frequency band is inserted into the transmission line and used as a low 
impedance device to the electromagnetic wave of the object frequency 
band. 

Moreover, to achieve the above object, the present invention 
provides the broadband circuit of the first mode of the present 
invention as a second mode in which a signal source for outputting 
signal electromagnetic waves and a passive device to be operated in 
accordance with an input signal are connected by the transmission line 
into which the line device is inserted, characterized in that the line 
device inserted into the transmission line includes at least some of 
spectrums of signal electromagnetic waves in an object frequency band, 
one end of either of a pair of conductors of the line device is connected 
to the output terminal of the signal source and the other end of it is 
connected to the input terminal of the passive device, and the other 
ends of the conductors are connected to the ground. In the case of the 
above configuration, it is preferable that the signal source and the line 
device are connected each other through a device mainly including a 
reactance component in the object frequency band or the signal source 
and line device are connected each other through a resistance. 
Moreover, it is preferable that a frequency component in the object 
frequency band of the line device among signal electromagnetic waves 
propagated from the signal source up to the line device is reflected 
from the line device, a frequency component out of the object frequency 
band of the line device is propagated to the passive device side by the 
line device, and an AC component transmits to the passive device side 
through one of the pair of conductors of the line device connected to the 
signal source and passive device. 
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Moreover, to achieve the above object, the present invention 
provides the broadband circuit of the first mode as a third mode in 
which a signal source for outputting signal electromagnetic waves and 
a passive device to be operated in accordance with an input signal are 
connected by a transmission line into which a line device is inserted, 
characterized in that the line device inserted into the transmission line 
includes at least some of spectrums of the signal electromagnetic waves 
in an object frequency band, one end of either of a pair of conductors of 
the line device is connected to the output terminal of signal source and 
the other end of it is electrically opened, the end at the passive device 
side of the other hand is connected to the input terminal of the passive 
device, and at least one end is connected to the ground through a 
device mainly including a reactance component in the object frequency 
band. 

Furthermore, to achieve the above object, the present invention 
provides the broadband circuit of the first mode as a fourth mode in 
which a signal source for outputting signal electromagnetic waves and 
a passive device to be operated in accordance with an input signal are 
connected by a transmission line into which a line device is inserted, 
characterized in that the line device inserted into the transmission line 
includes at least some spectrums of the signal electromagnetic waves 
in an object frequency band, one end of either of a pair of conductors of 
the line device is connected to the output terminal of a signal line and 
the other end is electrically opened, the end at the passive device side 
of the other hand is connected to the input terminal of the passive 
device, and at least one end is connected to the ground through a 
resistance. 

In the case of the third mode or fourth mode of the present 
invention, it is preferable that a frequency component in an object 
frequency band among signal electromagnetic waves propagated from a 
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signal source up to a line device is propagated to the passive device 
side through a line including one of a pair of conductors of the line 
device connected to the input terminal of the passive device and ground 
and a frequency component out of the object frequency band of the line 
device enters the line device and attenuates. 

Moreover, to achieve the above object, the present invention 
provides the broadband circuit of the above first mode as a fifth mode, 
in which a signal source for outputting signal electromagnetic waves 
and a passive device to be operated in accordance with an input signal 
are connected by a transmission line into which first and second line 
devices are inserted, characterized in that the first and second line 
devices respectively include some of spectrums of the signal 
electromagnetic waves in each object frequency band, one end of one of 
a pair of conductors of the first line device is connected to the output 
terminal of a signal line and the other end is electrically opened, an 
end of the other hand opposite to the signal source is connected to one 
of a pair of conductors of the second line device, at least one end is 
connected to the ground through a device mainly including a reactance 
component or resistance in the object frequency band of the first line 
device, one of a pair of conductors of the second line device whose one 
end is connected to the first line device is connected to the input 
terminal of the passive device and both ends of the other of the 
conductors is connected to the ground. In the case of the above 
configuration, it is preferable that the first line device and the second 
line device are connected through a device mainly including a 
reactance component or resistance in the object frequency band of the 
second line device. Moreover, it is preferable that a frequency 
component in the object frequency band of the first line device among 
signal electromagnetic waves propagated from the signal source up to 
the first line device is propagated to the second line device side through 
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a line including one of a pair of conductors of the first line device 
connected with the conductor of the second line device and the ground, 
the frequency component out of the object frequency band of the first 
line device enters the line device and attenuates, a frequency 
component in the object frequency band of the second line device among 
signal electromagnetic waves propagated up to the second line device is 
reflected from the second line device, and a frequency component out of 
the object frequency band of the second line device is propagated to the 
passive device through the second line device. 

Furthermore, to achieve the above object, the present invention 
provides the broadband circuit of the first mode as a sixth mode in 
which a signal source for outputting signal electromagnetic waves and 
a passive device to be operated in accordance with an input signal are 
connected, characterized in that the first and second line devices 
respectively include at leas some of spectrums of the signal 
electromagnetic waves in each object frequency band, one end of one of 
a pair of conductors of the first line device is connected to the output 
terminal of the signal source and the other end is connected to one of a 
pair of conductors of the second line device, both ends of the other hand 
are connected to the ground, the other end of one of a pair of conductors 
of the second line device whose one end is connected with the first line 
device is electrically opened and the end of the other hand at the 
passive device side is connected to the input terminal of the passive 
device and at least one end is connected to the ground through a device 
mainly including a reactance component or resistance in the object 
frequency band of the second line device. In the case of the above 
configuration, it is preferable that a frequency component in the object 
frequency band of the first line device among signal electromagnetic 
waves propagated from the signal source up to the first line device is 
reflected from the first line device, a frequency component out of the 
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object frequency band of the first line device is propagated to the 
second line device side through the first line device, a frequency 
component in the object frequency band of the second line device is 
propagated to the passive device side through a line including one of a 
pair of conductors of the second line device connected to the input 
terminal of the passive device and the ground, and a frequency 
component out of the object frequency band of the second line device 
enters the second line device and attenuates. 

Furthermore, to achieve the above object, the present invention 
forms the broadband circuit of the first mode as a seventh mode in 
which a signal source for outputting signal electromagnetic waves and 
a passive device to be operated in accordance with an input signal are 
mutually connected by a transmission line into which first and second 
line devices are inserted, characterized in that the first and second line 
devices respectively include at least some of spectrums of the signal 
electromagnetic waves in each object frequency band, one end of one of 
a pair of conductors of the first line device is connected to the output 
terminal of the signal source and the other end is connected to the 
input terminal of the passive device, both ends of the other hand are 
connected to the ground, one end of one of a pair of conductors of the 
second line device is connected to the output terminal of the signal 
source and the other end is electrically opened, the end of the other 
hand at the passive device side is connected to the input terminal of 
the passive device, and at least one end is connected to the ground 
through a device mainly including a reactance component or resistance 
in the object frequency band of the second line device. In the case of 
the above configuration, it is preferable that a frequency component in 
the object frequency band of the first line device among signal 
electromagnetic waves propagated from the signal source up to the first 
line device is propagated to the passive device side through a line 
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including one of a pair of conductors of the first line device connected to 
the input terminal of the passive device and the ground, a frequency 
component out of the object frequency band of the first line device 
enters the first line device and attenuates, a frequency component in 
the object frequency band of the second line device among signal 
electromagnetic waves propagated up to the second line device from the 
signal source is reflected from the second line device, and a frequency 
component out of the object frequency band of the second line device is 
transmitted to the passive device side through the second line device. 

In the case of the sixth mode or seventh mode of the present 
invention, it is preferable that a signal source and first line device are 
connected through a device mainly including a reactance component or 
resistance in the object frequency band of first line device. 

Moreover, to achieve the above object, the present invention 
provides the broadband circuit of the above first mode as an eighth 
mode in which a signal source for outputting signal electromagnetic 
waves and a passive device to be operated in accordance with an input 
signal are connected by a transmission line into which a line device is 
inserted, characterized in that the line device inserted into the 
transmission line includes spectrums of the signal electromagnetic 
waves in an object frequency band, one end of one of a pair of 
connectors of the line device is connected to the output terminal of the 
signal source and the other end is connected to the input terminal of 
the passive device, and at least one end of the other hand is connected 
to the ground through a terminal resistance. In the case of the above 
configuration, it is preferable that a frequency component in the object 
frequency band of the line device among signal electromagnetic waves 
propagated up to the line device from the signal source is propagated to 
the passive device side through a line including one of a pair of 
conductors connected to the signal source and passive device and the 
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ground, a frequency component out of the object frequency band of the 
line device is propagated to the passive device side through the line 
device, and a DC component is transmitted to the passive device side 
through one of a pair of conductors of the line device connected to the 
signal source and passive device. 

Furthermore, to achieve the above object, the present invention 
provides the broadband circuit of the above first mode as a ninth mode 
in which a signal source for outputting signal electromagnetic waves 
and a passive device to be operated in accordance with an input signal 
are mutually connected by a transmission line into which a first line 
device is inserted and a power supply for supplying power to the signal 
source and the first line device are connected through a second line 
device, characterized in that the first and second line devices include 
spectrums of signal electromagnetic waves in their object frequency 
bands, one end of one of a pair of conductors of the first line device is 
connected to the output terminal of the signal source and the other end 
is connected to the input terminal of the passive device, at least one 
end of the other hand is connected to the second line device through a 
terminal resistance, one end of one of a pair of conductors of the second 
line device is connected to the first line device through the terminal 
resistance, the other end is connected to the power supply, both ends of 
the other hand are connected to the ground. In the case of the above 
configuration, it is preferable that a frequency component in the object 
frequency band of the first line device among signal electromagnetic 
waves propagated up t the first line device from the signal source is 
propagated to the passive device side through a line including one of a 
pair of conductors of the first line device connected to the signal source 
and passive device and the ground, a frequency component out of the 
object frequency band of the first line device is propagated to the 
passive device side through the first line device, a DC component is 
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transmitted to the passive device side through one of a pair of 
conductors of the first line device connected to the signal source and 
passive device. 

In the case of the eighth or ninth mode of the present invention, it 
is preferable that a terminal resistance has an impedance equal to that 
of a signal transmission conductor connected to an end of a conductor 
of a line device to which the terminal resistance is not connected at the 
side to which the terminal resistance is connected. Moreover, it is 
preferable that a line device is further set to a power supply line for 
connecting a signal source and a power supply for supplying power to 
the signal source and one end of one of a pair of conductors of the line 
device set to the power supply line is connected to the signal source and 
the other end is connected to the power supply, and both end of the 
other hand are connected to the ground. 

In the case of any one of configurations of the second to ninth 
modes of the present invention, it is preferable that a signal source and 
a passive device are mounted on a printed circuit board on which a 
signal transmission conductor is formed as a wiring pattern and a 
grounding conductor is formed as a ground plane and a wiring pattern 
connected to the ground plane and in the case of a line device mounted 
on the printed circuit board, at least one ends of a pair of conductors 
are connected to wiring patterns of a signal transmission conductor 
and grounding conductor and inserted into a transmission line. 

Brief Description of the Drawings 

Figures l(a) and 1(b) are illustrations showing the equivalent 
circuit of a capacitor including a parasitic device and its frequency 
characteristic; 

Figure 2 is an illustration showing a configuration of a 
three-terminal filter circuit; 
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Figure 3 is an illustration showing the transmission 
characteristic of a three-terminal filter circuit; 

Figures 4(a) and 4(b) are illustrations showing the equivalent 
circuit of a coil including a parasitic device and its frequency 
characteristic; 

Figure 5 is an illustration showing a line structure; 

Figure 6 is an illustration showing a relation between impedances 
and frequencies of a line structure device; 

Figure 7 is an illustration showing a configuration of an LPF 
circuit of first embodiment preferably executing the present invention; 

Figures 8(a) and 8(b) are illustrations showing an LILC structure; 

Figures 9(a) and 9(b) are illustrations showing an embodiment of 
an LILC to be applied to the LPF circuit of the first embodiment; 

Figures 10(a) to 10(c) are illustrations for explaining a process in 
which a pulse signal wave passes through the LPF circuit of the first 
embodiment; 

Figure 11 is an illustration showing the transmission 
characteristic of the LPF circuit of the first embodiment; 

Figure 12 is an illustration showing a configuration of an LPF 
circuit of second embodiment preferably executing the present 
invention; 

Figure 13 is an illustration showing the transmission 
characteristic of the LPF circuit of the second embodiment; 

Figure 14 is an illustration showing a configuration of an LPF 
circuit of third embodiment preferably executing the present invention; 

Figure 15 is an illustration showing a configuration of an HPF 
circuit of fourth embodiment preferably executing the present 
invention; 

Figures 16(a) and 16(b) are illustrations showing an embodiment 
of an LILC to be applied to the HPF circuit of the fourth embodiment; 
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Figures 17(a) to 17(c) are illustrations for explaining a process in 
which a pulse signal wave passes through the HPF circuit of the fourth 
embodiment; 

Figure 18 is an illustration showing a transmission characteristic 
of the HPF circuit of the fourth embodiment; 

Figure 19 is an illustration showing a configuration of an HPF 
circuit of fifth embodiment preferably executing the present invention; 

Figures 20(a) and 20(b) are illustrations showing an embodiment 
of an LILC to be applied to the HPF circuit of the fifth embodiment; 

Figure 21 is an illustration showing a configuration of an HPF 
circuit of sixth embodiment preferably executing the present invention; 

Figures 22(a) and 22(b) are illustrations showing an embodiment 
of an LILC to be applied to the HPF circuit of the sixth embodiment; 

Figure 23 is an illustration showing a configuration of a BPF 
circuit of seventh embodiment preferably executing the present 
invention; 

Figures 24(a) to 24(d) are illustrations for explaining operations 
of the BPF circuit of the seventh embodiment, in which Figure 24(a) 
shows the spectrum of a pulse signal wave, Figure 24(b) shows the 
transmission characteristic of an HPF, Figure 24(c) shows the 
transmission characteristic of an LPF, and Figure 24(d) shows the 
transmission characteristic of the BPF circuit; 

Figure 25 is an illustration showing a configuration of a BEF 
circuit of eighth embodiment preferably executing the present 
invention; 

Figures 26(a) to 26(d) are illustrations for explaining operations 
of the BEF circuit of the eighth embodiment, in which Figure 26(a) 
shows the spectrum of a pulse signal wave, Figure 26(b) shows the 
transmission characteristic of an HPF, Figure 26(c) shows the 
transmission characteristic of an LPF, and Figure 26(d) shows the 
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transmission characteristic of the BEF circuit; 

Figure 27 is an illustration showing a configuration of a 
high-frequency terminal circuit of ninth embodiment preferably 
executing the present invention; 

Figures 28(a) and 28(b) are illustrations showing mounting 
examples of an LILC to be applied to the high-frequency terminal 
circuit of the ninth embodiment; 

Figures 29(a) to 29(c) are illustrations for explaining a process in 
which a pulse signal wave passes through the high-frequency circuit of 
the ninth embodiment; 

Figure 30 is an illustration showing a configuration of a 
high-frequency terminal circuit of tenth embodiment preferably 
executing the present invention; 

Figures 31(a) and 31(b) are illustrations showing a configuration 
of a high-frequency terminal circuit of eleventh embodiment preferably 
executing the present invention; 

Figure 32 is an illustration showing a mounting example of an 
LILC to be applied to the high-frequency terminal circuit of the 
eleventh embodiment; 

Figures 33(a) and 33(b) are illustrations showing a mounting 
example of an LILC to be applied to the high-frequency terminal circuit 
of the eleventh embodiment; 

Figure 34 is an illustration showing a configuration of a 
high-frequency terminal circuit of twelfth embodiment preferably 
executing the present invention; 

Figures 35(a) and 35(b) are illustrations showing a mounting 
example of an LILC to be applied to the high-frequency terminal circuit 
of the twelfth embodiment; 

Figures 36(a) to 36(c) are illustrations for explaining a process in 
which a pulse signal wave passes through the high-frequency terminal 
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circuit of the twelfth embodiment; 

Figure 37 is an illustration showing a configuration of a 
high-frequency terminal circuit of thirteenth embodiment preferably 
executing the present invention; 

Figures 38(a) and 38(b) are illustrations showing a mounting 
example of an LILC to be applied to the high-frequency terminal circuit 
of the thirteenth embodiment; 

Figure 39 is an illustration showing a configuration of a 
high-frequency terminal circuit of fourteenth embodiment preferably 
executing the present invention; and 

Figures 40(a) and 40(b) are illustrations showing a mounting 
example of an LILC to be applied to the high-frequency terminal circuit 
of the fourteenth embodiment. 

Reference numerals la, 2a, 4a, and 5a show high-frequency 
signals. Reference numerals lb, 2b, 4b, and 5b show low-frequency 
signals. Reference numerals lc, 4c, and 5c show AC signals. 
Reference numerals 10a, 10b, 10c, lOd, 20a, 20c, 20d, 30a, 30b, 30c, 
30d, 40a, 40b, 40c, 40d, 50a, 50b, 50c, and 50d show wiring patterns. 
Reference numerals 11, 21, 31, 41, and 51 show drivers. Reference 
numerals 12, 23, 24, 322, and 332 show coils. Reference numerals 13, 
22, 42, 46, 47, 52, 56, 57, 321, and 331 show LILC. Reference 
numerals 13a, 13b, 13c, 13d, 22a, 22b, 22c, 22d, 42a, 42b, 42c, 42d, 46a, 
46b, 46c, 46d, 52a, 52b, 52c, 52d, 56a, 56b, 56c, 56d, 57a, 57b, 57c, 57d, 
321a, 321b, 321c, 321d, 322a, 322b, 322c, and 322d show terminals of 
LILCs. Reference numerals 14, 25, 35, 45, and 55 show receivers. 
Reference numerals 18a, 18b, 28a, 28b, 38a, 38b, 38c, 38d, 48a, 58a, 
and 58b show wirings. Reference numerals 19, 43, 44, 53, and 54 
show resistances. Reference numerals 81a, and 81b show grounding 
conductors. Reference numeral 82 shows a signal transmission 



18 



conductor. Reference numeral 83 shows a dielectric. Reference 
numerals 111, 112, 211, 212, 311, 312, 411, and 412 show inverter 
buffers. Reference numerals 111a, 111b, 112a, 112bv, 211a, 211b, 
212a, 212b, 311a, 311b, 312a, 312b, 411a, 411b, 412a, 412b, 511a, 511b, 
512a, and 512b show transistors. Reference numeral 130 shows a 
sealing material. Reference numeral 131 shows a first conductor. 
Reference numeral 132 shows a second conductor. 

Best Mode for Carrying Out the Invention 

The present invention realizes a broadband circuit from which a 
desired circuit characteristic is obtained over a wide frequency band by 
a smaller number of devices than ever by using a device having a 
four-terminal line structure and a low impedance (Low Impedance Line 
Structure Component; hereafter referred to as LILC) instead of a 
capacitor and thereby forming an electronic circuit. 

A line having the strip structure shown in Figure 5 is considered. 
In the case of this line, AC propagates through grounding conductors 
81a and 81b and a signal transmission conductor 82 and an 
electromagnetic wave propagates through a dielectric 83. When 
assuming that the resistance and loss of the line can be ignored to 
simplify the description, the characteristic impedance Z0 of this strip 
line is shown by the expression (l). 



t- Thickness of dielectric 
W: Width of line 

jio : Magnetic permeability in a vacuum (l.26xl0* 6 H/m) 
so : Dielectric constant in a vacuum (8.85xl0* 12 F/m) 
8r : Specific dielectric constant in dielectrics 

In this case, the characteristic impedance of a line is calculated in 
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accordance with (L/C) 172 . Therefore, the impedance becomes a value 
decided by only a capacitance component and an inductance component 
and is a constant value for frequency. Therefore, a change of 
characteristics due to frequency does not occur. 

Therefore, by lowering the impedance of a device having a line 
structure (that is, by using the device having the line structure as an 
LILC) and using the device as a low impedance device, it is possible to 
realize an electronic circuit showing a desired circuit characteristic 
independently of frequency. 

Parameters for the impedance of the device having the line 
structure include L (inductance), C (capacitance), R (resistance), and G 
(conductance). When L or R increases, a problem occurs that the 
power-supply voltage fluctuation at the time of logic-circuit switching 
increases. Therefore, it is necessary to lower the impedance by 
adjusting C. 

That is, as understood from the expression (l), it is necessary to 
increase C of unit length. 

Moreover, unless the line length of the device is sufficiently long 
compared with the wavelength of an electromagnetic wave flowing 
through the device, it is impossible to regard the device as a line 
structure. Therefore, it is necessary to make the line length of the 
LILC sufficiently long compared with the wavelength of an 
electromagnetic wave flowing through the LILC. Specifically, it is 
preferable that the substantial length (= effective line length) of a 
portion through which an electromagnetic wave passes is equal to or 
longer than 1/4 of the wavelength of electromagnetic waves passing 
through the device. 

There is the relation of the expression (2) between reflection 
coefficient (Sll) and transmission coefficient (S2l). 

The transmission coefficient (S21) including a loss is obtained by 
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the expression (3). The reciprocal of a transmission characteristic is 
referred to as an insertion loss. The character x in the expression (3) 
denotes a line length. The character a denotes an attenuation 
constant constituting a propagation constant and is shown by the 
expression (4). 

Moreover, the conductance G in the expression (4) is shown by the 
expression (5) when using tan8 used for a capacitor. In the expression 
(5), S denotes the area of a dielectric and t denotes the thickness of the 
dielectric. 

S n 2 +S 21 2 =l ... (2) 

^21 = -\/ 1 — •S'i i 2 • e ** (3) 

a = ^ R2+ ^ )(Q2 + Q> 2( ^) + ( RG ~ p'LC) (4) 
s 

G = coe 0 s r --tan 5 ... (5) 

When used for an electronic circuit, a line device has a low 
impedance. However, because it has a finite impedance value, an 
electromagnetic wave enters the line device. However, as understood 
from the expressions (3), (4), and (5), the electromagnetic wave 
entering the line device exponentially attenuates and it hardly goes to 
the outside. That is, by applying a proper loss to an LILC, it is 
unnecessary to consider termination for the LILC. It is found that the 
insertion loss becomes the product of an impedance mismatching value 
and the exponential of device length, frequency and tan5. 

Thus, an LILC to be applied to an electronic circuit as a low 
impedance device is a device having a line structure satisfying the 
following conditions. 

<1> The LILC has a length which can be regarded as a line when 
viewed from an electromagnetic wave propagated through the device. 
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(It is preferable that the substantial length (=effective ling length) of a 
portion through which an electromagnetic wave passes is equal to or 
longer than 1/4 of the electromagnetic wave of an object frequency.) 

<2> The LILC shows an impedance low enough for the circuit 
characteristic of an electronic circuit to become a desired characteristic. 
(It is preferable that the capacitance C of unit length is large.) 

<3> The LILC increases a dielectric loss and lengthens a line 
according to necessity. 

In the case of the line device, a relation between frequency and 
impedance is shown in Figure 6. An impedance is not increased in a 
frequency band in which the device can be regarded as a line because 
the impedance is influenced by a parasitic device. 

In this case, description is made by using the line having the strip 
structure as an example. However, the structure of the LILC is not 
restricted to the strip structure. It is allowed to use a microstrip-type 
line structure or coaxial cylindrical line structure. 

A preferred embodiment of a broadband circuit to which the above 
LILC is applied as a low impedance device is described below. 
[First embodiment] 

First embodiment to which the present invention is preferably 
applied is described below. Figure 7 shows a configuration of a 
low-pass filter circuit (LPF circuit) to which the present invention is 
applied. This circuit has a driver 11, a LILC 13, and a receiver 14. 

The driver 11 has inverter buffers 111 and 112 and the inverter 
buffers 111 and 112 connected in series constitute a buffer circuit. 
The inverter buffer 111 has transistors 111a and 111b and the inverter 
buffer 112 has transistors 112a and 112b. The high-side transistors 
111a and 112a are P channels and are turned off when a gate voltage is 
kept at high level. Moreover, the low-side transistors 111b and 112b 
are N channels and are turn on when a gate voltage is kept at high 
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level. Vdd is supplied to drain terminals of the transistors 111a and 
112a from a not-illustrated power supply. The transistors 111a and 
111b respectively output signal waves by switching Vdd in accordance 
with a gate voltage to input the signal wave to the input terminal of 
the inverter buffer 112. The transistors 112a and 112b respectively 
generate signal waves by switching Vdd in accordance with the signal 
wave input to a gate terminal and the signal wave is output from the 
driver 11 as a signal electromagnetic wave. The LILC 13 is a device 
having a four-terminal line structure in which a pair of conductors are 
faced each other at the both sides of a dielectric and the characteristic 
impedance ZO is set to a value (Z0/Z1 % 0) very smaller than the 
characteristic impedance Zl of the wiring 18a for connecting the driver 
11 with the LILC 13. A terminal 13a of the LILC 13 is connected with 
the output terminal of the driver 11 and a terminal 13b is connected to 
the input terminal of the receiver 14. Moreover, terminals 13c and 
13d of the LILC 13 are connected to the ground. The receiver 14 is a 
transistor for converting a signal inputted to the input terminal (gate 
terminal) into voltage. 

Figures 8(a) and 8(b) show a structure of the LILC 13 to be 
applied to the LPF circuit of this embodiment. Figures 8(a) and 8(b) 
show the same configuration from different view points. A dielectric 
133 is set so as to surround the first conductor 131. The first 
conductor 131 and the second conductor 132 are set so as to be faced 
each other through the dielectric 133 and fixed as they are by the 
sealing material 130. 

The terminals 13a and 13b are set to the first electrode 131 and 
the terminals 13c and 13d are set to the second electrode 132. The 
terminals extend to the bottom side of the LILC 13, pass through the 
sealing material 130, and are exposed (or protruded) to the outside. 
By connecting the terminals exposed (or protruded) from the sealing 
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material 130 to a signal transmission conductor and a grounding 
conductor, it is possible to insert the LILC 13 into a transmission line. 

A case of applying the LILC having the above structure to all 
embodiments is described as an example. However, the above 
structure is an example and a structure of the LILC is not restricted to 
the above structure. 

Figures 9(a) and 9(b) show a state of setting the LILC 13 to a 
wiring pattern on a printed circuit board. In this case, the sealing 
material 130 is not shown in Figure 9(a) or 9(b) in order to easily 
understand the state of the LILC 13 (same is applied to other 
embodiments). To show states of both ends of the LILC 13, Figures 
9(a) and 9(b) show the same configuration from different view points. 
The terminal 13a of the LILC 13 is connected to the wiring pattern 10a 
connected to the output terminal of the driver 11. The terminal 13b of 
the LILC 13 is connected to the wiring pattern 10b connected to the 
gate terminal of the receiver 14. The terminal 13c and 13d of the 
LILC 13 are respectively connected to the wiring patterns 10c and lOd, 
which are connected to the ground. 

Operations of the LPF circuit are described below. Figures 10(a) 
to 10(c) show states in which pulse signal waves output from the driver 
11 pass through the LPF circuit. As shown in Figure 10(a), pulse 
signal waves output from the driver 11 reach the LILC 13 through a 
line including the wiring 18a and the ground. Among pulse signal 
waves reaching the LILC 13, an electromagnetic wave component 
(high-frequency signal la) having a high frequency and thus being 
capable of regarding the LILC 13 as a line is influenced by 
mismatching between the impedance of the wiring 18a and the 
impedance of the LILC 13. In this case, because Z0/Z1 = 0, the 
high-frequency signal la is reflected by the LILC 13. 

However, because an electromagnetic wave component having a 
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low frequency (low frequency signal lb) cannot regard the LILC 13 as a 
line, it is not influenced by impedance mismatching between the wiring 
18a and the LILC 13. Therefore, the low frequency signal lb enters 
the LILC 13 without being reflected, passes through the portion of the 
dielectric of the LILC 13, and is propagated to the receiver- 14 side. 
Moreover, the DC signal lc transmits to the receiver- 14 side by passing 
through the conductor portion of the LILC 13. 

As shown in Figure 10(c), the low frequency signal lb propagating 
to the receiver- 14 side and the transmitted DC signal lc enter the gate 
terminal of the receiver 14 to operate the receiver 14. Thereby, the 
receiver 14 operates in accordance with only low frequency signals and 
DC signals among pulse signals generated by the driver 11. 

Figure 11 shows the transmission characteristic diagram of the 
LPF circuit. The ordinate axis denotes transmittance (dB) and the 
abscissa axis denotes frequency (Hz). In the case of this embodiment, 
a constant impedance is obtained independently of frequency and an 
LPF circuit is formed by using a LILC having a slightly large dielectric 
loss. Therefore, it is prevented that the circuit is influenced by a 
parasitic device and transmission characteristic is deteriorated even in 
a frequency band equal to or higher than a cutoff frequency. 

Therefore, the LPF circuit of this embodiment has a low 
transmittance to an electromagnetic wave of a frequency higher than 
the cutoff frequency and shows a circuit characteristic close to that of 
an ideal LPF circuit differing from a conventional LPF circuit. 

It is possible to set a cutoff frequency arbitrarily by changing the 
substantial length (effective line length) of the line portion of the LILC 
13. When an aspect ratio (ratio between the width of the line portion 
of the LILC 13 and the gap of a pair of conductors) and the film 
thickness of an insulator are fixed, the length of the line portion of the 
LILC 13 is inversely proportional to the cutoff frequency. This is not 
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only applied to an LPF circuit but to all embodiments. 

Thus, the LPF circuit of this embodiment is a broadband circuit 
which can be easily designed without performing complex calculation 
or depending on the cut-and-try technique. Moreover, because the 
number of design parameters is small, it is possible to improve the 
stability and reliability of circuit characteristics. 
[Second embodiment] 

First embodiment preferably executing the present invention is 
described below. Figure 12 shows a configuration of a low-pass filter 
circuit (LPF circuit) to which the present invention is applied. This 
circuit is the same as that of the first embodiment except that a coil 12 
is set between a driver 11 and an LILC 13. The coil 12 is a device set 
to improve the characteristic of a low pass filter. Operations of the 
LPF circuit are the same as the first embodiment. 

Figure 13 shows the transmission characteristic of the LPF circuit. 
The ordinate axis denotes transmittance (dB) and the abscissa axis 
denotes frequency of incoming wave (Hz). The coil 12 set between the 
driver 11 and the LILC 13 (in other words, inserted into a wiring 18a) 
shows an inductance characteristic in a low frequency band. 
Therefore, the inductance characteristic of the coil 12 and the 
capacitance characteristic of the LILC 13 create synergy effect and 
when frequency exceeds a predetermined frequency, the transmittance 
suddenly decreases. 

Moreover, the coil 12 shows a capacitance characteristic in a high 
frequency band. However, because the low impedance characteristic 
of the LILC 13 does not change even in a high frequency band and a 
dielectric loss is slightly increased, the transmittance of the LPF 
circuit is not increased even in a frequency band equal to or higher 
than a cutoff frequency. 

Thus, the LPF circuit of this embodiment has a low transmittance 
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to an electromagnetic wave having a frequency higher than a resonant 
frequency and shows a circuit characteristic close to that of an ideal 
LPF circuit similarly to the LPF circuit of the first embodiment. 

Therefore, the LPF circuit of this embodiment is a broadband 
circuit which can be easily designed without performing complex 
calculation or depending on the cut-and-try technique. Moreover, 
because the number of design parameters is small, it is possible to 
improve the stability and reliability of a circuit characteristic. 
[Third embodiment] 

Third embodiment preferably executing the present invention is 
described below. Figure 14 shows a configuration of a low-pass filter 
circuit (LPF circuit) under the present invention. This circuit is the 
same as that the first embodiment except that a resistance 19 is 
further set between the driver 11 and the LILC 13. A coil 19 is a 
device set to improve the characteristic of a low-pass filter. 
Operations of an LPF circuit are the same as the first embodiment. 

The resistance 19 set between the driver 11 and the LILC 13 (in 
other words, inserted into a wiring 18a)is not influenced by a parasitic 
device in a low frequency band and its impedance is constant 
independently of frequency. Therefore, when a resistance value is low, 
the resistance 19 shows the same characteristic as a coil. Therefore, 
when the resistance value of the resistance 19 is low, the characteristic 
of the resistance 19 and the capacitance characteristic of the LILC 13 
create synergy effect but when frequency exceeds a predetermined 
frequency, the transmittance is suddenly decreased. 

Moreover, the capacitance characteristic of the LILC 13 is not 
changed even in a high frequency band and the dielectric loss is 
slightly increased. Therefore, the transmittance of the LPF circuit is 
not increased even in a frequency band equal to or higher than a cutoff 
frequency. 
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Therefore, the LPF circuit of this embodiment has a low 
transmittance to an electromagnetic wave of a frequency higher than a 
resonant frequency and shows a circuit characteristic close to an ideal 
LPF circuit similarly to the LPF circuit of the first embodiment. 

Thus, the LPF circuit of the embodiment is a broadband circuit 
which can be easily designed without performing complex calculation 
or depending on the cut-and-try technique. Moreover, because the 
number of design parameters is small, it is possible to improve the 
stability and reliability of circuit characteristics. 
[Fourth embodiment] 

Fourth embodiment preferably executing the present invention is 
described below. Figure 15 shows a configuration of a high-pass filter 
circuit (HPF circuit) to which the present invention is applied. 

This HPF circuit has a driver 21, a LILC 22, a coil 23, and a 
receiver 25. The driver 21 is constituted of transistors 211 and 212. 

The driver 21 has a configuration same as the driver 11 of the 
first embodiment and outputs signal electromagnetic waves from the 
output terminal. The LILC 22 is a device having a four-terminal line 
structure in which a pair of conductors are faced at the both sides of a 
dielectric and its characteristic impedance ZO is set to a value (Z0/Z2 N 
0) very smaller than the characteristic impedance Z2 of a wiring 28a 
for connecting the driver 21 with the LILC 22. The terminal 22a of 
the LILC 22 is connected to the output terminal of the driver 21 and 
the terminal 22b is opened. Moreover, the terminal 22c of the LILC 
22 is connected to the ground through the coil 23. The terminal 22d of 
the LILC 22 is connected to the input terminal of the receiver 25. The 
coil 23 is a device set to improve the characteristic of a bypass filter. 
The receiver 25 is a transistor for converting a signal inputted to the 
input terminal (gate terminal) into a voltage. 

Figures 16(a) and 16(b) show a state of setting the LILC 22 to a 
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wiring pattern on a printed circuit board. To show connection states 
at the both ends of the LILC 22, Figure 16(a) and 16(b) show states 
viewed from two directions by changing view points. The terminal 22a 
of the LILC 22 is connected to a wiring pattern 20a connected with the 
output terminal of the driver 21. The terminal 22b of the LILC 22 is 
opened without being connected to any wiring pattern. The terminal 
22c is connected to the wiring pattern 20c connected to the ground 
through the coil 23. The terminal 22d of the LILC 22 is connected 
with a wiring pattern 20d connected with the gate terminal of the 
receiver 25. 

Operations of the HPF circuit are described below. Figures 17(a) 
to 17(c) show states in which pulse signal waves output from the driver 
21 pass through an LPF circuit. As shown in Figure 17(a), the pulse 
signal waves output from the driver 21 reach the LILC 22 through a 
line including the wiring 28a and the ground. In the case of this 
embodiment, because the terminal 22b of the LILC 22 is opened, the 
AC component (AC signal) of a pulse signal is not transferred. An 
electromagnetic component (high-frequency signal 2a) having a high 
frequency and capable of regarding the LILC 22 as a line among pulse 
signal waves reaching the LILC 22 is influenced by mismatching 
between the impedance of the wiring 28a and the impedance of the 
LILC 22. In this case, because Z0/Z2 = 0, the high-frequency signal 
does not enter the LILC 22 but reaches the gate terminal of the 
receiver 25 by passing the gap between one of the conductors connected 
to the ground through the coil 23 and the ground as shown in Figure 
17(b). That is, the high-frequency signal proceeds to the receiver 25 
side by bypassing the LILC 22 through a line including one of the 
conductors of the LILC 22 having terminals 22c and 22d and a ground 
plane. 

However, an electromagnetic wave component having a low 
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frequency (low frequency signal 2b) among the pulse signal waves 
reaching the LILC 22 enters the dielectric in the LILC 22 without 
being influenced by mismatching between the impedance of the wiring 
28a and the impedance of the LILC 22. However, because the 
terminal 22b of the LILC 22 is electrically opened, the component does 
not reach the receiver 25 but it attenuates in the LILC 22 because the 
loss of the dielectric is set to be slightly high. 

As shown in Figure 17(c), the high-frequency signal entering the 
gate terminal of the receiver 25 operates the receiver 25. Thereby, the 
receiver 25 operates in accordance with only high-frequency signals 
among pulse signal waves generated by the driver 21. 

Figure 18 shows a transmission characteristic diagram of the 
HPF circuit. The ordinate axis denotes transmittance (dB) and the 
abscissa denotes frequency of incoming waves (Hz). The 
transmittance of the coil 23 for connecting the terminal 22c of the LILC 
22 with the ground suddenly increases when the frequency exceeds a 
predetermined frequency because the inductance characteristic of the 
coil 23 and the capacitance characteristic of the LILC 22 bring synergy 
effect. Moreover, the transmittance of an electromagnetic wave of the 
HPF circuit of this embodiment is kept at a high level even in a 
frequency band higher than a cutoff frequency and shows circuit 
characteristics close to that of an ideal HPF circuit differently from the 
case of a conventional HPF circuit. 

Thus, the HPF circuit of this embodiment is a broadband circuit 
which can be easily designed without performing complex calculation 
or depending on the cut-and-try technique. Moreover, because the 
number of design parameters is small, it is possible to improve the 
stability and reliability of circuit characteristics. 
[Fifth embodiment] 

Fifth preferable embodiment of the present invention is described 
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below. Figure 19 shows a configuration of a high-pass filter circuit 
(HPF circuit) to which the present invention is applied. 

This HPF circuit is the same as the case of the fourth embodiment 
except that a terminal 22c is opened and a terminal 22d is connected to 
the ground through a coil 24. 

Figures 20(a) and 20(b) show a state of setting an LILC 22 to a 
wiring pattern on a printed circuit board. The terminal 22a of the 
LILC 22 is connected to a wiring pattern 20a connected with the output 
terminal of a driver 21. Terminals 22b and 22c of the LILC 22 are 
opened without being connected to a wiring pattern. The terminal 22d 
of the LILC 22 is connected with a wiring pattern 20d connected with 
the ground through the gate terminal of a receiver 25 and the ground 
through the coil 24. 

Operations of the HPF circuit are the same as the case of the 
fourth embodiment. Moreover, the transmission characteristic is the 
same as the case of the fourth embodiment. Because the coil 24 for 
connecting the terminal 22d of the LILC 22 to the ground shows an 
inductance characteristic in a low frequency band, the inductance 
characteristic of the coil 24 and the capacitance characteristic of the 
LILC 22 create synergy effect and the transmittance suddenly 
increases when the frequency exceeds a predetermined frequency. 
Moreover, the transmittance of an electromagnetic wave is kept at a 
high value even in a frequency band higher than a cutoff frequency and 
shows a circuit characteristic close to the case of an ideal HPF circuit. 

Thus, the HPF circuit of this embodiment is a broadband circuit 
which can be easily designed without performing complex calculation 
or depending on the cut-and-try technique. Moreover, because the 
number of design parameters is small, it is possible to improve the 
stability and reliability of a circuit characteristic. 
[Sixth embodiment] 
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Fifth embodiment preferably executing the present invention is 
described below. Figure 21 shows a configuration of a high-pass filter 
circuit (HPF circuit) to which the present invention is applied. 

This HPF circuit is the same as the case of the fourth embodiment 
except that the terminal 22d of the LILC 22 is connected to the ground 
through a coil 24. 

Figures 22(a) and 22(b) show a state of setting an LILC 22 to a 
wiring pattern on a printed circuit board. The terminal 22a of the 
LILC 22 is connected to a wiring pattern 20a connected with the output 
terminal of a driver 21. The terminal 22b of the LILC 22 is opened 
without being connected to a wiring pattern. The terminal 22c of the 
LILC 22 is connected to a wiring pattern 20c connected to the ground 
through a coil 23. The terminal 22d of the LILC 22 is connected to a 
wiring pattern 20d connected with the gate terminal of a receiver 25 
and the ground. 

Operations of the HPF circuit are the same as the case of the 
fourth embodiment. Moreover, the transmission characteristic is the 
same as the case of the fourth embodiment. However, because two 
coils (coils 23 and 24) are connected to the LILC 22, it is possible to 
make a filter characteristic in a low frequency band approach to the 
circuit characteristic of an ideal HPF circuit. 

Thus, the HPF circuit of this embodiment is a broadband circuit 
which can be easily designed without performing complex calculation 
or depending on the cut-and-try technique. Moreover, because the 
number of design parameters is small, it is possible to improve the 
stability and reliability of a circuit characteristic. 

The fourth to sixth embodiments respectively have a 
configuration in which the coil 23 or the coil 24 is connected to the 
terminal 22 of the LILC 22. However, the same advantage can be 
obtained by using a resistance instead of the coil. Moreover, a coil and 
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a resistance may be used by combining them. 
[Seventh embodiment] 

In the case of the above first to third embodiments, an LPF circuit 
to which the present invention is applied is described. In the case of 
the above fourth to sixth embodiments, an HPF circuit to which the 
present invention is applied is described. However, by combining 
them, it is possible to apply the present invention to a band pass filter 
circuit or band elimination filter circuit. 

Seventh embodiment preferably executing the present invention 
is described below. Figure 23 shows a configuration of a band pass 
filter circuit (BPF circuit) to which the present invention is applied. 

This BPF circuit is a circuit obtained by connecting a driver 31, a 
HPF 32, a LPF 33, and a receiver 34 in series. 

The driver 31 is the same as the driver 11 of the first embodiment, 
which outputs signal electromagnetic waves from the output terminal. 
The HPF 32 has the same configuration as the HPF circuit of the 
fourth embodiment and includes an LILC 321 and coil 322. The LILC 

321 is a device having a four-terminal line structure in which a pair of 
conductors are faced at the both sides of a dielectric and its 
characteristic impedance ZOa is set to a value very smaller than the 
characteristic impedance Z3a of a wiring 38a (Z0a/Z3a % 0) for 
connecting the driver 31 with the LILC 321. The terminal 321a of the 
LILC 321 is connected to the output terminal of the driver 31 and the 
terminal 321b of the LILC 321 is opened. Moreover, the terminal 321c 
of the LILC 321 is connected to the ground through the coil 322. The 
terminal 321d of the LILC 321 is connected to the input terminal of the 
LPF 33. The LILC 321 can be set to a wiring pattern on a printed 
circuit board similarly to the case of the fourth embodiment. The coil 

322 is a device set to improve the characteristic of a high-pass filter. 

The LPF 33 has a configuration same as that of the LPF circuit of 
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the second embodiment and includes an LILC 331 and a coil 332. The 
LILC 331 is a device having a four-terminal line structure in which a 
pair of conductors are faced each other at the both sides of a dielectric 
and a characteristic impedance ZOb is set to a value very smaller than 
the characteristic impedance Zlb of a wiring 38b (ZOb/Zlb ^ 0) for 
connecting the HPF 32 with the LILC 331. The terminal 331a of the 
LILC 331 is connected to an LILC 321d serving as the output terminal 
of the HPF 32 and the terminal 331b of the LILC 331 is connected to 
the ground. Moreover, terminals 331c and 331d of the LILC 331 are 
connected to the ground. The LILC 331 can be set to a wiring pattern 
on a printed circuit board similarly to the case of the second 
embodiment. The coil 332 is a device set to improve the characteristic 
of a high-pass filter. 

The receiver 34 is a transistor for converting a signal inputted to 
the input terminal (gate terminal) into a voltage. 

Operations of the BPF circuit are described below. As shown in 
Figures 24(a) to 24(c), it is assumed that the spectrum of a pulse signal 
wave output from the driver 31 covers a frequency band between fmin 
and fmax (both included), the cutoff frequency of the HPF 32 is fi, and 
the cutoff frequency of the LPF 33 is f2. 

Pulse signal waves output from the driver 31 reach the HPF 32 
through a line including a wiring 38a and the ground. Frequency 
components equal to or higher than fi among the signal 
electromagnetic waves reaching the HPF 32 pass through the HPF 32 
and frequency components less than fi are prevented by the HPF 32. 

The frequency components passing through the HPF 32 reach the 
LPF 33 through a line including the wiring 38b and the ground. 
Frequency components equal to or higher than f2 among the frequency 
components reaching the LPF 33 are prevented by the LPF 33 and 
frequency components lower than f2 pass through the LPF 33. 
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The frequency components passing through the LPF 33 reach the 
receiver 34 by using a wiring 38c and the ground as a line and enters 
the gate terminal to operate the receiver 34. As shown in Figure 24(d), 
only frequency components between fi and f2 (f2 is excluded) among the 
pulse signal waves output from the driver 31 reach the receiver 34. 

Thus, by connecting an LPF and an HPF in series to which the 
present invention is applied, it is possible to apply the present 
invention to a BPF circuit. When the cutoff frequency of the HPF is 
higher than the cutoff frequency of the LPF, all frequency components 
are prevented by the HPF and LPF and no frequency component 
reaches the receiver. Therefore, it is necessary to set the cutoff 
frequency of the HPF to a value lower than the cutoff frequency of the 
LPF. 

In this case, the BPF circuit is formed by using an LPF having a 
configuration same as that of the LPF circuit of the second embodiment 
and a HPF having a configuration same as that of the HPF circuit of 
the fourth embodiment. However, it is possible to apply the present 
invention to the BPF circuit also by combining an LPF and HPF having 
configurations same as those of another embodiment. 

Thus, the BPF circuit of this embodiment is a broadband circuit 
which can be easily designed without performing complex calculation 
or depending on the cut-and-try technique. Moreover, because the 
number of design parameters is small, it is possible to improve the 
stability and reliability of circuit characteristics. 
[Eighth embodiment] 

Eighth embodiment preferably executing the present invention is 
described below. Figure 25 shows a configuration of a band 
elimination filter circuit (BEF circuit) to which the present invention is 
applied. 

This BEF circuit has a driver 31, a HPF 32, a LPF 33, and a 
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receiver 34. Individual configurations of the driver 31, the HPF 32, 
the LPF 33, and the receiver 34 are the same as the case of the seventh 
embodiment but the BEF circuit of this embodiment is different in 
connections of various portions. The HPF 32 and LPF 33 are inserted 
between the driver 31 and the receiver 34 in parallel. 

Operations of a BPF circuit are described below. As shown in 
Figures 26(a) and 26(b), it is assumed that the spectrum of a pulse 
signal wave output from the driver 31 covers a frequency band between 
fmin and fmax (both included), the cutoff frequency of the HPF 32 is f3, 
and the cutoff frequency of the LPF 33 is f4. 

Pulse signal waves output from the driver 31 reach the HPF 32 
through a line including a wiring 38a and the ground. Frequency 
components equal to or higher than f3 among the pulse signal waves 
reaching the LPF 33 pass through the HPF 32 and frequency 
components lower than f3 are prevented by the HPF 32. 

The pulse signal waves output from the driver 31 also reach the 
LPF 33 through a line including the wiring 38b and the ground. 
Frequency components equal to or higher than U among the pulse 
signal waves reaching the LPF 33 are prevented by the LPF 33 and 
frequency components lower than £* pass through the LPF 33. 

The frequency components passing through the HPF 32 and LPF 
33 reach a receiver 34 through a line including wirings 38c or 38d and 
the ground and enters the gate terminal to operate the receiver 34. As 
shown in Figure 26(d), only frequency components equal to or higher 
than f3 and frequency components lower than U among the pulse signal 
waves output from the driver 31 reach the receiver 34. 

Thus, by connecting an LPF and HPF in parallel to which the 
present invention is applied, it is possible to apply the present 
invention to a BEF circuit. When the cutoff frequency of the HPF is 
lower than the cutoff frequency of the LPF, all frequency components 
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pass through the HPF and LPF. Therefore, it is necessary to set the 
cutoff frequency of the HPF to a value higher than the cutoff frequency 
of the LPF. 

In this case, the BEF circuit is formed by using an LPF having a 
configuration same as the case of the LPF circuit of the second 
embodiment and a HPF having a configuration same as the case of the 
HPF circuit of the fourth embodiment. However, it is also possible to 
apply the present invention to the BEF circuit also by combining an 
LPF and HPF having the same configurations as the case of another 
embodiment. 

Thus, the BEF circuit of this embodiment is a broadband circuit 
which can be easily designed without performing complex calculation 
or depending on the cut*and-try technique. Moreover, because the 
number of design parameters is small, it is possible to improve the 
stability and reliability of circuit characteristics. 
[Ninth embodiment] 

Ninth embodiment preferably executing the present invention is 
described below. Figure 27 shows a configuration of a high-frequency 
terminal circuit to which the present invention is applied. This circuit 
is a pull-down-type terminal circuit in which a signal circuit is 
connected to the ground through a terminal resistance. 

The high-frequency terminal circuit of this embodiment has a 
driver 41, a LILC 42, a resistance 43, a receiver 45, and a LILC 46. 

The driver 41 is the same as that of the first embodiment, which 
outputs signal electromagnetic waves from its output terminal. An 
LILC 42 is a four-terminal device having a line structure and its 
characteristic impedance ZO is set to a value very smaller than the 
characteristic impedance 24 of the wiring 48 (Z0/Z4 = 0) for connecting 
the driver 41 with the LILC 42. The terminal 42a of the LILC 42 is 
connected to the output terminal of the driver 41 and the terminal 42b 
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of the LILC 42 is connected to the input terminal of a receiver 45. 
Moreover, the terminal 42c of the LILC 42 is connected to the ground 
through the resistance 43. The resistance 43 is a resistance (terminal 
resistance) for terminating a pulse signal wave so that the wave is not 
reflected at the LILC 42 and its impedance is equal to the impedance of 
a wiring 48a for connecting the driver 41 with the LILC 42. The 
receiver 45 is a transistor for converting a signal input to the input 
terminal (gate terminal) into a voltage. The LILC 46 is a device for 
restraining the fluctuation of a DC voltage Vdc to be supplied from a 
not-illustrated power supply so that the terminal resistance viewed 
from a pulse signal wave becomes a constant value. 

Figures 28(a) and 28(b) show a state of setting the LILC 42 to a 
wiring pattern on a printed circuit board. The terminal 42a of the 
LILC 42 is connected to a wiring pattern 40a connected with the output 
terminal of the driver 41. The terminal 42b of the LILC 42 is 
connected with a wiring pattern 40b connected to the gate terminal of 
the receiver 45. The terminal 42c of the LILC 42 is connected to a 
wiring pattern 40c connected to the ground through a coil 43 and the 
terminal 42d of the LILC 42 is opened. 

Operations of the high-frequency terminal circuit are described 
below. Figures 29(a) to 29(c) show states in which a pulse signal wave 
output from the driver 41 travels through a high-frequency terminal 
circuit. As shown in Figure 29(a), pulse signal waves output from the 
driver 41 reach the LILC 42 through a line including a wiring 48a and 
the ground. An electromagnetic wave component (high frequency 
signal 4a) having a high frequency and capable of regarding the LILC 
42 as a line is influenced by mismatching between the impedance of a 
wiring 48a and the impedance of the LILC 42. In this case, because 
Z0/Z4 = 0, the high frequency signal cannot enter the LILC 42. In the 
case of this embodiment, however, a terminal resistance (resistance 43) 
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is connected to the terminal 42c of the LILC 42, the high frequency 
signal propagates to the receiver-45 side through a line including one 
(conductor having the terminals 42c and 42d of the LILC 42) of a pair 
of conductors of the LILC 42 to which the resistance 43 is connected 
and the ground. The high frequency signal propagating to the 
receiver-45 side enters the gate terminal of the receiver 45 through a 
line including a wiring 48b and the ground- 
However, an electromagnetic component (low frequency signal) 
having a low frequency among pulse signal waves reaching the LILC 42 
can enter the LILC 42 without being influenced by mismatching 
between the impedance of the wiring 48a and the impedance of the 
LILC 42. Therefore, the electromagnetic component propagates to the 
receiver-45 side by passing through the dielectric portion of the LILC 
42 and enters the gate terminal of the receiver 45 through a line 
including the wiring 48b and the ground. Moreover, a DC signal 
passes through the conductor portion of the LILC 42 and transmits to 
the receiver-45 side, passes through the wiring 48b, and enters the 
gate terminal of the receiver 45. 

Therefore, as shown in Figure 29(c), all frequency components of 
pulse signal waves output from the driver 41 are input to the gate 
terminal of the receiver 45 and the waveform of a pulse signal wave 
output from the driver 41 is faithfully reproduced in a signal input to 
the gate terminal of the receiver 45. Therefore, the receiver 45 
operates in accordance with a signal wave having the same waveform 
as a pulse signal output from the driver 41. 

In the case of a digital circuit, a signal electromagnetic wave 
reciprocates between Hi level and Low level. However, in the case of a 
data-system signal electromagnetic wave, a state in which a signal 
stops at Hi level or Low level is kept for a long time and DC may 
continuously flow. In this case, when the DC flows to a terminal 
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resistance, power is consumed while a signal is output. 

Moreover, when an electromagnetic wave whose 1/4 wavelength is 
longer than the line length of a transmission line travels through the 
transmission line, power is consumed without being 
matching-terminated at the terminal resistance because the 
electromagnetic wave cannot be regarded as a wave. 

Therefore, in the case of the digital circuit, it is necessary to 
restrain waste of power by preventing an electromagnetic wave whose 
1/4 wavelength is longer than the line length of the transmission line 
or DC from flowing through the terminal resistance. 

When a capacitor is inserted between the transmission line and 
the terminal resistance in series and the rise time of a signal 
electromagnetic wave is shorter than the time constant (1/5 or less), 
which is decided by the resistance value of the terminal resistance and 
the capacity of the capacitor, the voltage fluctuation of the capacitor 
cab be ignored. In this case, the capacitor cannot be perceived from 
the transmission line through which a signal electromagnetic wave 
propagates and it is possible to regard that the signal electromagnetic 
wave is terminated only by the terminal resistance. 

When it is regarded that the signal electromagnetic wave is 
terminated only by the terminal resistance and the line length of the 
transmission line is shorter than 1/4 wavelength of the electromagnetic 
wave of the minimum frequency under which the voltage fluctuation of 
the capacitor can be ignored, it is possible to prevent the 
electromagnetic wave of the frequency component which is not 
matching-terminated and DC from flowing into the terminal resistance. 

For example, when a capacitor of 0.1 \xF is inserted in series 
between a transmission line and a terminal resistance having a 
resistance value of 80Q on a printed circuit board having a specific 
dielectric constant of s r =4 and the impedance of a power supply is 



40 



ignored, the time constant of CR becomes 8 (as. The frequency f of a 
sine wave having a rise time of 8 jisxl/5=1.6 fis is approximately 100 
KHz and its 1/4 wavelength is X/4=(c/f)-(l/ A Ts T )-(l/4)=375 m (where c is 
light velocity). 

Because the line length of a transmission line on a printed circuit 
board is normally shorter than 375 m, the electromagnetic wave of a 
frequency component which is not matching-terminated and DC does 
not flow through a terminal resistance. 

However, as described above, a capacitor has a property that the 
capacitor is influenced by a parasitic device and impedance rises when 
frequency exceeds a predetermined frequency. In a high frequency 
band, a synthesized value with a terminal resistance increases. 
Therefore, when a terminal circuit is formed using a capacitor, the 
waveform of a signal wave is distorted in a high frequency band. 

However, because the impedance of an LILC is not increased also 
in a high frequency band, by forming a terminal circuit by using an 
LILC like the high-frequency terminal circuit of this embodiment, it is 
possible to matching-terminate an electromagnetic wave having a wide 
frequency band including high frequency signals without causing 
waveform distortion. 

In the case of a low frequency signal under which an LILC cannot 
be regarded as a line, it is possible to realize matching termination 
similarly to a case of connecting a terminal resistance through a 
capacitor because the LILC acts similarly to the capacitor. Moreover, 
because the terminal resistance is connected to a conductor at a side 
which is DC-separated from a driver, DC does not flow through the 
terminal resistance. 

Thus, in the case of the high-frequency terminal circuit of this 
embodiment, a terminal resistance is connected to the terminal of an 
LILC showing an impedance equal to or smaller than a predetermined 
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value over a wide frequency band and thereby, all frequency 
components of pulse signals are matching-terminated. Therefore, 
some of the frequency components are not terminated to cause ringing 
and thereby, it does not operate a receiver. Moreover, because the 
terminal resistance is DC-insulated from a driver, DC does not flow 
through the terminal resistance even if the driver continuously outputs 
a Hi or Low signal and power is not wasted. 
[Tenth embodiment] 

Tenth embodiment preferably executing the present invention is 
described below. Figure 30 shows a configuration of a high-frequency 
terminal circuit to which the present invention is applied. This circuit 
is a pull-down-type terminal circuit obtained by connecting a signal 
circuit to the ground through a terminal resistance similarly to the 
case of the ninth embodiment, which is the same as the ninth 
embodiment except that a terminal 42c is opened and terminal 42d is 
connected to the ground through a resistance 44. The impedance of 
the resistance 44 is equal to the impedance of the conductor 48b 
connecting an LILC 42 with a receiver 45. 

Figures 31(a) and 31(b) show a state of setting the LILC 42 to a 
wiring pattern on a printed circuit board. The terminal 42a of the 
LILC 42 is connected to a wiring pattern 40a connected with the output 
terminal of a driver 41. The terminal 42b of the LILC 42 is connected 
with a wiring pattern 40b connected to the gate terminal of a receiver 
45. The terminal 42c of the LILC 42 is opened and the terminal 42d of 
the LILC 42 is connected with a wiring pattern 40d connected to the 
ground through a coil 44. 

Operations of the high-frequency terminal circuit are described 
below. A state in which pulse signal waves output from the driver 41 
travel through the high-frequency terminal circuit is the same as the 
case of the ninth embodiment and because the resistance 44 is 
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connected to the terminal 42d of the LILC 42, a high frequency signal 
also enters the gate terminal of a receiver 45. Therefore, all frequency 
components of pulse signal waves output from the driver 41 are input 
to the gate terminal of the receiver 45 and a pulse signal wave output 
from the driver 41 is faithfully reproduced by the receiver 45. 

As shown in the ninth embodiment, in the case of the 
high-frequency terminal circuit of this embodiment, a terminal 
resistance is connected to the terminal of an LILC showing an 
impedance equal to or smaller than a predetermined value over a wide 
frequency band and thereby, all frequency components of pulse signals 
are matching-terminated. Therefore, the high frequency terminal 
circuit prevents a situation where some of frequency components are 
not terminated to cause ringing and the ringing activates the receiver. 
Moreover, because the terminal resistance is DC-insulated from the 
driver, DC does not flow through the terminal resistance even if the 
driver continuously outputs a Hi or Low signal and power is not 
wasted. 

[Eleventh embodiment] 

Eleventh embodiment preferably executing the present invention 
is described below. Figure 32 shows a configuration of a 
high-frequency terminal circuit to which the present invention is 
applied. This circuit is a pull-down-type terminal circuit obtained by 
connecting a signal circuit to the ground through a terminal resistance 
similarly to the case of the ninth embodiment, which is the same as the 
ninth embodiment except that the terminal 42d is connected to the 
ground through a resistance 44. The impedance of the resistance 44 is 
equal to the impedance of a wiring 48b connecting an LILC 42 with a 
receiver 45. 

Figures 33(a) and 33(b) show a state of setting the LILC 42 to a 
wiring pattern on a printed circuit board. The terminal 42a of the 
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LILC 42 is connected to a wiring pattern 40a connected with the output 
terminal of a driver 41. The terminal 42b of the LILC 42 is connected 
to a wiring pattern 40b connected to the gate terminal of a receiver 45. 
The terminal 42c of the LILC 42 is connected to a wiring pattern 40c 
connected to the ground through a resistance 43 and the terminal 42d 
of the LILC 42 is connected to a wiring pattern 40d connected to the 
ground through a resistance 44. 

Operations of the high-frequency terminal circuit of this 
embodiment are almost the same as those of the ninth or tenth 
embodiment. However, because a terminal resistance is connected to 
the entrance side and exit side of an LILC 42, it is possible to further 
securely terminate a pulse electromagnetic wave output from the 
driver 41. 

[Twelfth embodiment] 

Twelfth embodiment preferably executing the present invention is 
described below. Figure 34 shows a configuration of a high-frequency 
terminal circuit to which the present invention is applied. This circuit 
is a pull-up -type terminal circuit obtained by connecting a signal 
circuit to a power supply through a terminal resistance. 

The high-frequency terminal circuit of this embodiment has a 
driver 51, a LILC 52, a resistance 53, a receiver 55, a LILC 56, and a 
LILC 57. 

The driver 51 is the same as the driver 51 of the first embodiment, 
which outputs signal electromagnetic waves from the output terminal. 
The LILC 52 is a device having a four-terminal line structure in which 
a pair of conductors are faced each other at the both sides of a 
dielectric and the characteristic impedance Z0 is set to a value very 
smaller than the characteristic impedance Z5 (Z0/Z5^0) of a wiring 
58a for connecting the driver 51 with the LILC 52. The LILC 52 
includes all frequency components of pulse electromagnetic waves 
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output from the driver 51 in an object frequency band. The terminal 
52a of the LILC 52 is connected to the terminal 56b of the LILC 56 
through the resistance 53. Moreover, the terminal 52b of the LILC 52 
is opened. The terminal 52c of the LILC 52 is connected to the output 
terminal of the driver 51 and the terminal 52d of the LILC 52 is 
connected to the gate terminal of the receiver 55. The resistance 53 is 
a resistance (terminal resistance) for terminating a pulse signal wave 
so that it is not reflected in the LILC 52 and its impedance is equal to 
the impedance of a wiring 58a connecting the driver 51 with the LILC 
52. The receiver 55 is a device for converting a signal input to a gate 
terminal into a voltage. LILCs 56 and 57 respectively restrain the 
fluctuation of a DC voltage VDC supplied from a not-illustrated power 
supply and make a terminal resistance viewed from a pulse signal 
wave become a constant value. 

Figures 35(a) and 35(b) show a state of setting the LILC 52 to a 
wiring pattern on a printed circuit board. A terminal 52a is connected 
with a wring pattern 50a connected to the terminal 56b of the LILC 56 
through a resistance 53 and a terminal 42b is opened. A terminal 52c 
is connected to a wiring pattern 50c connected with the output 
terminal of the driver 51. A terminal 52d is connected with a wring 
pattern 50d connected to the gate terminal of the receiver 55. 

In the case of this terminal circuit, the terminal resistance 53 
connected to the LILC 52 is connected to the terminal 56b of the LILC 
56 and a terminal 56d faced with the terminal 56b is connected to the 
ground. Because the LILC 56 has a low impedance, it is possible to 
regard that the resistance 53 is connected to the ground in high 
frequency. 

Operations of the high-frequency terminal circuit are described 
below. Figures 36(a) to 36(c) show states in which pulse signal waves 
output from the driver 51 travels through a high-frequency terminal 
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circuit. As shown in Figure 36(a), the pulse signal waves output from 
the driver 51 reach the LILC 52 through a line including a wiring 58a 
and the ground. Among the pulse signal waves reaching the LILC 52, 
an electromagnetic component (high frequency signal 5a) having a high 
frequency and capable of regarding the LILC 52 as a line is influenced 
by mismatching between the impedance of the wiring 58a and the 
impedance of the LILC 52. In this case, because Z0/Z5^0, the high 
frequency signal cannot enter the LILC 52. In the case of this 
embodiment, however, because a terminal resistance (resistance 53) is 
connected to the terminal 52a, the high frequency signal propagates to 
the receiver-55 side through a line including the ground and one of a 
pair of conductors of the LILC 52, the conductor being regarded as 
connected to the ground through the resistance 53 as shown in Figure 
36(b). 

As shown in Figure 36(c), the high frequency signal 5a propagated 
to the receiver-55 side enters the gate terminal of the receive 55 
through a line including the conductor 58b and the ground. 

However, an electromagnetic component (low frequency signal) 
having a low frequency among the pulse signal waves reaching the 
LILC 52 can enter the LILC 52 without being influenced by 
mismatching between the impedance of the wiring 58a and the 
impedance of the LILC 52. Therefore, as shown in Figure 36(b), the 
electromagnetic component passes through the portion of the dielectric 
of the LILC 52 and propagates to the receiver-55 side and, as shown in 
Figure 36(c), enters the gate terminal of the receiver 55 through a line 
including the conductor 58b and the ground. Moreover, a DC signal 
passes through one of a pair of conductors of the LILC 52 to which the 
resistance 53 is not connected (conductor having terminals 52a and 
52b) and transmits to the receiver-55 side and passes through a wiring 
58b and enters the gate terminal of the receiver 55. 
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Therefore, all frequency components of pulse signal waves output 
from the driver 51 are input to the gate terminal of the receiver 55 and 
the waveform of a pulse signal output from the driver 51 is faithfully 
reproduced in a signal input to the gate terminal of the receiver 55. 
Therefore, the receiver 55 operates in accordance with a signal wave 
having the same waveform as a pulse signal output from the driver 51. 

In the case of the high-frequency terminal circuit of this 
embodiment, a terminal resistance is connected to a terminal of an 
LILC showing an impedance equal to or lower than a predetermined 
value over a wide frequency band, in the same way as in the ninth 
embodiment. Thereby, because all frequency components of pulse 
signals are matching-terminated, the present embodiment prevents a 
situation where some frequency components are not terminated to 
generate ringing so that the receiver is activated. Moreover, because 
the terminal resistance is DC-insulated from the driver, DC does not 
flow through the terminal resistance and power is not wasted even if 
the driver continuously outputs a Hi or Low signal. 
[Thirteenth embodiment] 

Thirteenth embodiment preferably executing the present 
invention is described below. Figure 37 shows a configuration of a 
high-frequency terminal circuit to which the present invention is 
applied. This circuit is a pull-up -type terminal circuit in which a 
signal circuit is connected to a power supply through a terminal 
resistance, which is the same as the case of the twelfth embodiment 
except that a terminal 52a is opened and a terminal 52b is connected to 
the terminal 56b of an LILC 56 through a resistance 54. The 
impedance of the resistance 54 is equal to the impedance of a wiring 
58b connecting an LILC 54 with a receiver 55. 

Figures 38(a) and 38(b) show a state of setting an LILC 42 to a 
wiring pattern on a printed circuit board. The terminal 52a is opened 
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and the terminal 52b is connected with a wiring pattern 50b connected 
to the terminal 56b of the LILC 56 through the resistance 54. A 
terminal 52c is connected to a wiring pattern 50c connected with the 
output terminal of a driver 51. A terminal 52d is connected with a 
wiring pattern 50d connected to the gate terminal of the receiver 55. 

In the case of this terminal circuit, the terminal resistance 54 
connected to an LILC 52 is connected to the terminal 56b of the LILC 
56 and a terminal 56d facing the terminal 56b is connected to the 
ground. Because the LILC 56 has a low impedance, it is possible to 
regard the resistance 54 as being connected to the ground. 

Operations of the high-frequency terminal circuit are described 
below. A state in which a pulse signal wave output from the driver 51 
travels through the high-frequency terminal circuit is the same as the 
case of the twelfth embodiment. All frequency components of pulse 
signal waves output from the driver 51 are input to the gate terminal 
of the receiver 55 and the waveform of a pulse signal wave output from 
the driver 51 is faithfully reproduced in a signal input to the gate 
terminal of the receiver 55. Therefore, the receiver 55 operates in 
accordance with the signal wave of the waveform same as a pulse 
signal output from the driver 51. 

In the case of the high-frequency terminal circuit of this 
embodiment, a terminal resistance is connected to a terminal of an 
LILC showing an impedance equal to or lower than a predetermined 
value over a wide frequency band, in the same way as in the ninth 
embodiment and thereby, all frequency components of pulse signals are 
matching-terminated. Therefore, this embodiment prevents a 
situation where some frequency components are not terminated to 
generate ringing and the ringing activates the receiver. Moreover, 
because the terminal resistance is DC-insulated from the driver, DC 
does not flow through the terminal resistance even if the driver 
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continuously outputs a Hi or Low signal and power is not wasted. 
[Fourteenth embodiment] 

Fourteenth embodiment preferably executing the present 
invention is described below. Figure 39 shows a high-frequency 
terminal circuit to which the present invention is applied. This circuit 
is a pull-up-type terminal circuit in which a signal circuit is connected 
to a power supply through a terminal resistance, which is the same as 
twelfth embodiment except that a terminal 52b is connected to the 
ground through a resistance 54. The impedance of the resistance 54 is 
equal to the impedance of a wiring 58b for connecting an LILC 54 with 
a receiver 55. 

Figures 40(a) and 40(b) show a state of setting an LILC 52 to a 
wiring pattern on a printed circuit board. The terminal 52a of the 
LILC 52 is connected with a wiring pattern 50a connected to the 
terminal 56b of an LILC 56 through a coil 53. The terminal 52b of the 
LILC 52 is connected with a wring pattern 50b connected to the 
terminal 56b of the LILC 56 through the resistance 54. The terminal 
52c of the LILC 52 is connected to a wiring pattern 50c connected with 
the output terminal of a driver 51. The terminal 52d of the LILC 52 is 
connected with a wiring pattern 50d connected to the gate terminal of 
the receiver 55. 

Operations of the high-frequency terminal circuit of this 
embodiment are almost the same as those of the twelfth embodiment 
and thirteenth embodiment. Because a terminal resistance is 
connected to both entrance side and exit side of the LILC 52, it is 
possible to more securely terminate a pulse electromagnetic wave 
output from the driver 51. 

The above embodiment is an example of preferred embodiments of 
the present invention but the present invention is not restricted to 
these embodiments. 
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For example, in the case of the above embodiments, an LPF 
circuit and HPF circuit are described by using a first-order 
configuration as an example. However, it is also possible to apply the 
present invention to a high-order LPF circuit and a HPF circuit. 

Description is made by using a case of connection as an example. 
However, it is also allowed to connect a terminal resistance to both 
power supply and ground and thereby realize Thevenin connection. 

Moreover, a driver and a receiver are not restricted to 
configurations shown for each embodiment. 

Thus, the present invention can be variously modified. 

Industrial Applicability 

As described above, according to the present invention, it is 
possible to constitute a broadband circuit from which a desired circuit 
characteristic can be obtained over a wide frequency band with a small 
number of circuit devices. 



